We have treated 26 retinal angiomas of less than 4.5mm in size in 15 eyes using repeated appli cations of contiguous argon blue green laser burns. All except one of the angiomas regressed without a massive exudative response of treatment. Haemorrhage occurred in two cases but only affected the visual outcome in one eye. Traction retinal detachment persisted in 50% of the large angiomas, despite regression of the tumour.
Angiomatosis retinae as described by von HippeJl was subsequently linked to systemic disease by Lindau2 and classified as one of the phakomatoses by van der Hoeve in his Doyne Memorial lecture of 1932.3 The mode of inheritance is autosomal dominant with variable expression, and a gene defect has now been localised on chromosome 3. 4 The angiomas appear as fleshy pink nodules and consist of a meshwork of large capillaries with continuous endothelium, basement membrane and pericytes with intervascular stromal cells containing glycogen granules. 5, 6 Retinal angiomas have been documented to appear and to enlarge progressively. 7 The prognosis for untreated angiomas is, very poors and only rarely do they regress spon taneously.6 There is so much variation in the size, growth rate and associated ocular fea tures of angiomas at presentation that analysis of the success of various forms of treatment in small numbers of patients has proved difficult. Irradiation was recom mended early in this century and further studies are now in progress. Penetrating diathermy,9 xenon photocoagulation and later cryotherapy were used in some serieslO,ll but massive exudation and a 71 % incidence of haemorrhage have been reported.ll In order to reduce these compli cations of treatment repeated 'gentle' triple freeze cryotherapy has been advocated for larger tumours.12 For the same reason Wes sing13 suggested the use of multiple treat ments using low intensity xenon photocoagu lation.
Argon blue/green laser photocoagulation has the theoretical advantages of out-patient treatment with low intensity burns that could reduce the incidence of complications.ll There are few published reports of its use,1l,14 but Goldberg14 reported treatment of the feeder vessels and of the angioma itself. Although this appeared to be effective for lesions of less than O.8mm diameter, his topathological examination revealed small amounts of residual angiomatous tissue in one treated lesion. 15 The role of the laser treatment, particularly in the management of large angiomas, has not been clarified to date. In order to define the potential value of argon laser photocoagulation in the treat ment of retinal angiomas we carried out a prospective study in which laser was the only method of treatment·
Patients and methods
Twelve patients (6 male, 6 female), median age 24 years, with 26 untreated retinal angiomata of 4.5mm or less in size which did not involve the optic disc ora serrata, were given a standardised form of laser treatment. Table I) . Four of the patients with Grade 4 angiomas had associated retinal detachment of more than one third of the retina and two had dia betes. Each angioma was treated with repeated applications of argon blue green laser burns, sufficient to blanch the surface, which were performed at 1-2 weekly intervals ( particularly where there was marked whiten ing of the surface of the angioma which pre vented any visible surface photocoagulation effect. Local anaesthesia to the ocular sur face, with oral analgesia in a few patients, proved sufficient and retrobulbar anaesthesia was not required.
The treatment series was considered com plete when the feeder vessels narrowed to their normal size with whitening and shrink age of the angioma and resolution of retinal exudates if these were present (Fig. 2) . Fluorescein angiography was performed to confirm the absence of residual tumour.
Results
All 14 small angiomata of Grades 1 and 2 regressed without complications (Fig. 3) . Regression was achieved in 1-6 sessions (median one using 7-469 burns (median 34) with follow-up of 1 to 13 months (median 8 months). All but one of the 12 large angio mata regressed, but required more laser treatment than small angiomata: a range of 2-18 sessions (median 7) using 145-2763 burns (median 873) with follow-up of bet ween 4 and 136 months (median 27.5 months). In some lesions very little initial response was seen, the first effects of treat ment only being detectable as discontinuity of the capillary bed of fluorescein angio graphy. Shrinkage of large lesions with narrowing of the vessels was frequently delayed and it was typical for these changes to become suddenly apparent near the end of Tablel Grading of angiomas in relation to size (mm) the treatment series. Both Grade 2 large angiomata regressed without complications of treatment and all but one Grade 3 large angiomata, together with Grade 4 angioma, regressed with com plete resorption of subretinal fluid. In the remaining five Grade 4 angiomata, which all regressed, total resorption of sub-retinal fluid was prevented by proliferative vitroretino pathy. In three of these a localised traction retinal detachment remained and did not affect the fovea, but in one case an epiretinal membrane caused distortion of the macula. In the fifth the retina became totally detached during treatment (Stage 4c of mas sive periretinal proliferation).
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It was not unusual to see new angiomas appear or grow in the region of the treated angioma, so particular vigilance was required during a course of treatment to the initial lesion. Complete failure of regression occur red with only one large Grade 3 angioma which had produced massive exudation before presentation; it is likely that part of the tumour was obscured by detached opaque retina such that the actual size was much greater than originally thought. In addition new angiomatous tissue appeared adjacent to a regressed angioma in two patients after 8 months and 10 years follow up.
Treatment of all small angiomas and half of the large angiomas did not affect the visual acuity. An improvment in visual acuity was associated with resorption of sub-retinal fluid at the macula in three patients. The visual acuity deteriorated in three cases with Grade 4 angiomas: 6/6 to 6/9 in the patient with an epiretinal membrane at the macula, from 6/18 to finger counting in a second who suf fered a sub-foveal haemorrhage, and from 6/36 to light perception only in the third patient who developed total retinal detach ment. The latter proved unsalvageable despite closed intra-ocular microsurgery.
Repeated laser treatment did not produce retinal detachment de novo and was not associated with a massive exudative response, as previously described.ll In patients with pre-existing retinal detachment a minor increase in the volume of sub-retinal fluid was seen for up to a week following treatment. With resolution of the retinal detachment and retinal oedema retinal exu dates appeared, only to resolve within a few months. Subretinal haemorrhage occurred in two but only affected the visual acuity in the case where it spread to below the fovea.
Discussion
The results of this prospective series show that repeated applications of a contiguous grid of laser photocoagulation over the sur face of retinal angiomata produced effective regression.
Successful treatment was achieved in angiomas of up to 4.5mm in diameter, even in the presence of exudative retinal detachments involving up to half the retina. These large angiomas could be treated without an increase in the retinal detachment or haemorrhage, except in two cases, and a massive exudative response was avoided. One problem in comparing these results with previous series of large angio mata is that the effects of angiomata are the same as the complications of therapy. Never-the less the low rate of haemorrhage and of retinal detachment following laser treatment appears different from the results recorded by others.
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Laser treatment, although time-consum ing, was easily performed in the outpatient clinic. Admittedly there are limitations to this form of therapy. We have not assessed the effectiveness of laser treatment for tumours of greater than 4.5mm diameter. In such cases an adjunct to laser treatment, such as cryotherapyl2 or radiotherapy21 may be necessary. Angiomas on the optic disc were not included for fear of visual loss. For this reason Gass22 suggested that these lesions, which usually occur on the temporal margin of the disc, should not be treated unless they are already affecting the visual acuity. Radio therapy may be a more useful form of treat ment at this particular site. Our series showed that retinal detachment may persist due to a tractional element despite regression of the angioma and rhegmatogenous retinal detachment can occur. In this case conven tional surgery has been recommended. 23 Clearly the best prognosis is for small tumours and screening is essential if these are to be detected. In this respect it is important to recognise that in von Hippel-Lindau dis ease retinal angiomas are the most common presenting symptoms or sign.R•22 They have been discovered as early as five years of ageR and Huson24 proposed a protocol for screen ing all patients at risk. which involves annual clinical assessment with retinal examination from the age of five years. Fluorescein angio therapy is valuable for detecting early lesions and we perform annual fluorescein angio therapy. in addition to ophthalmoscopy, in patients with a definite history of retinal angiomatosis. Such a protocol should ensure that only small angiomas require treatment. Furthermore, if a patient, who has not been screened previously presents with a large angioma, is treated and kept under regular review, only small angiomas will require therapy thereafter. Because of the early ocu lar presentation of the disease, it is fre quently the ophthalmologist who instigates general assessment of the patient. The screening should involve urinary VMA and metadrenaline estimation to exclude phaeochromocytoma from the age of 10 years and biennial cranial CT or NMR scan, to look for cerebellar haem angioblastoma from the age of 15 years. Biennial abdominal CT scan of the kidneys to exclude renal carcinoma, adrenals and pancreas is suggested from the age of 20 years. 8
